












































































































































































































































Figure 3.16 VENT - VACUUM VALVE ASSEMBLY 



SECTION 4 

MAINTENANCE AND TROUBLESHOOTING 

This section contains the informati.on required to ensure a continued 

operational facility, and contains a guide to identify malfunction in 

control electronics. 

4.1 Maintenance 

Maintenance of the 1500 Dynamic Load Simulator requires very little 

effort. The minor maintenance that is necessary may be categorized into two 

4.1.1 Preventive Maintenance 

When used indoors, the 1500 psi Dynamic Load Simulator requires no 

preventive maintenance. The entire assembly was des and fabricated with 

durability built into each This does not imply, however, tha-t certain 

systems (e.g., pnenumati.c and electrical lines) can suffer an unlimited amount 

of physical abuse. 

If the simulator is moved to a remote outdoor site, it is recommended 

that the Monitoring Control Panel, Valve and Manifold Control Box, and Vacuum 

Pump be housed in a protective tructure. These systems were not designed 

the simulator firing transformers and spark For extended storage out-
. 

doors, it is recommended that all valves be removed from the shock tube and 

that the connecting be with blind 
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4 .1.2 Periodic Maintenance 

Other than normal and lubrication of the valves and vacuum 

pump, only the spark plugs require periodic maintenance, i.e., cleaning 

and regapping. This primarily refers to ignition spark plugs located at 

the top of the 1500 psi Dynamic Load Simulator, however, the same periodic 

maintenance would be required of spark plugs used to obtain detonation 

wave time-of-arri.val information in the small shock tube. 

The procedure for determining whether the ignition spark plug requires 

periodic maintenance is discussed in Section 3.1.3. The interval at which 

periodic maintenance must be performed on the plug is a function of the 

amount of free carbon in the products of combustion. The greater the amount 

of free carbon available, the the frequency of periodic maintenance. 

4.2 System Troubleshooting 

4 .2.1 Introduction 

It is anticipated that the majority of 

traceable to the failure of ·one or more control 

malfunctions will be 

in the Monitoring 

Control Panel. Although false control panel light indication may accompany 

a relay failure, normal circuit operation without proper light indication 

would most likely be caused by a burned- out bulb. As such, the panel bulbs 

would be the t item checked. All panel bulbs are replaceable from the 

front of the unit without opening the 

4. 2. 2 Trouble shooting Procedure 

door. 

The Signal Flow Diagram 3.13) may be used in conjunction with 

an A.C. voltmeter of 5000 ohm/volt sensitivi or higher to troubleshoot 
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the majority of malfunctions. This diagram indicates terminal numbers 

and the associated wire numbers used in wiring the Monitoring 

Control Panel to the Valve and Manifold Control Box. Identical numbered 

terminals were interwired between the two units. Therefore the terminals 

in the Valve and Manifold Control Box correspond in number to those shown 

in the Signal Flow Diagram for the Monitoring Control Panel. Identical 

voltage measurements may be made at either unit with certain exceptions. 

I 

These exceptions involve the Power On control circuits. 

Voltage troubleshooting at the Monitoring Control Panel requires that 

the panel door be opened and the power switch (s3) be bypassed. 

This is accomplished by rotating the switch extension handle 90° clocksiwe. 

NOTE: This handle must be returned to its original position 

prior to the panel door, 

CAUTION: DANGEROUS VOLTAGE LEVELS EXIST WITHIN THIS UNIT; 

EXERCISE SUITABLE CARE WHEN CIRCUIT TROUBLESHOOTING. 

Control voltage (nominally volts A.C.) may now be measured between 

terminals 30 and 83. If sufficient air for valve operation is available as 

determined by the Air Supply Pressure Sens Switch, the control voltage 

can also be measured between terminals 31 and 83, and the Air Supply lamp 

will be illuminated, Pulling the Power to the ON position will bring 

control voltage between terminals 82 and 84. The control handle lamp and 

panel Bower ON lamp will now become illuninated. 
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The above sequence describes normal operation and normal voltage measure-

ments at the terminals listed. Should a circuit fault develop in this portion 

of the unit, the number of components :i.nd interwiring between them is easily 

followed on the Control Schematic drawing (Appendix B) and servicing should 

present no problem. 

In Table 4.1, the voltage level at the terminal number listed is given 

for various control operations. In some instances, a circuit change or trans-

fer will normally occur automatically d.uring a specific part of the program 

sequence. For these occurrences, the transfer action is listed in parenthesis 

inthe Control Operation column" In all cases, except the vent timer light, 

the voltage measured at each terminal is with reference to terminals No. 1 

or No. 84 (common wired) and is schematica.lly shown in Appendix B as L2-COM. 

The terminal number and voltage required at that location is shown in the 

second column of Table 4.1. The third column gives the latching or holding 

relay (where applicahle) fur the operation listed. This- column a-lso lists, 

in parenthesis, the applicable indicator lamp, when illuminated, and associated 

terminal number for the particular operation or transfer action. The low 

voltage valve position lamps are not listed in Table 4 .1. Their illumination 

is controlled entirely by cam-actuated microswitches mounted at the valve-

operating shafts. The founh column in Table 4.1 lists the relay(s) involved 

with the particular control operat.ion or transfer action. Where an associated 

terminal voltage measurement may be made for a particular relay listed, the 

the terminal number and correct voltage level follows the relay listed in 

parenthesis. 
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Troubleshooting with the aid of the charted information in Table 4.1 

may be performed in the following manner: 

1. Determine that control operation and/or transfer action that 

does not perform in a correct manner. 

2. Find the particular function involved in the first column of 

Table 4.1. 

3. At the Monitoring Control Panel, determine if the correct voltage 

is present at the interwiring terminal listed in the second column 

of Table 4 .1. 

4. Find the holding relay and light information from the third 

column listings. If the correct voltage appears, as determined 

in Step 3, only by holding the push-button switch depressed during 

the measurement, check the holding relay listed. 

5. Use the information in the fourth column to aid in determining which 

interacting relay may be defective. rr one or more control operations 

and/or circuit t:r:ansfers are malfunctioning simultaneously, a common 

relay to each may be suspected. 

6. If the correct terminal voltage (Step 3) has been measured at the 

interwiring terminal of the Monitoring Control Panel, repeat the 

same voltage measurement at the identical terminal number in the 

Valve and Manifold Control Box. A correct voltage at this point 

would lead to an investigation of the associated components involved. 
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Specific point-to-point circuit wiring may be followed by referencing 

the Control Schematic Drawing (Appendix B). Circuit troubleshooting 

involving the valve position circuits, the absolute pressure measuring 

circuit and the ignition monitor circuits may be performed with the aid of 

this schematic. 

GISNE~IAL ,f\\\,1F:::IJCAl\l Ht:!;'.C,'J.PCH l:JIVl!J!Ol'J 
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CONTROL OPERATION 
OR (TRANSFER ACTION) 

VENT OPEN-
STOP PROGRAM 

(MINIMUM VENT OPEN 
TIME-POWER ON) 

(MINIMUM VENT OPEN 
TIME-DETONABLE 
GAS) 

VENT CLOSE 

EVACUATION START 
- VACUUM PUMP 
ON .....__ 

(EVACUATION 
COMPLETE) 

......._ 

PRESSURE DECREASE-
MOMENTARY PUSH 
BUTTON 

-
AIR CHARGE-
SET-UP-SIMUIATED 

02 --
(SIMUIATED o

2 
LOADING COMPLETE) 

--
AIR CHARGE-SET UP 
SIMUIATED CH

4 

.....___ 

TERMINAL HOLDING REIAY 
NO . - VOLTAGE AND/OR (IND. LA.MP) 

12-115 v. 
14-115 v. 

12-115 v. lTD 
14-115 v. (VENT TIMER-

6.3 V.-48-49) 

12-115 v. lTD 
14-115 v. (VENT TIMER-

6.3 V.-48-49) 

12-0 v. lCR 
14-0 v. (VENT CLOSE-72) 

12-115 v. 2CR 
(EVACUATION 
STARTED-74) 

13-0 v. 3CR 
(EVACUATION 
COMPLETE-73) 
(SET UP-AIR-68) 
OR (TEST-DETON-
ABLE GAS-67) 

13-115 v. (EVACUATION 
STARTED-·74) 

14-115 v. 4CR 
(AIR-65) 

14-0 v. (02-33) 

14-115 v. 4CR 
(AIR-65) 

TABLE 4.1 

TROUBLESHOOTING CHECK LIC'I 
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APPLICABLE REIAYS 
(TERMINAL VOLTAGE) 

15CF, lCR (69-115 V.) 
3CR2 

15CR, lCR, 3CR2 
2 PCR (2 SEC. ONLY) 
lTD (M ON REIAY-115 V. -
2 SEC.) 

15CR, lCR, 3CR2 
5CR2 (.5 SEC ONLY) 
lTD (MON RELAY-115 V.-
• 5 SEC.) 

lCR, 1CR2 (72-115 V.) 

lCR, 1CR2, 3CR 
2CR (77-115 V.) 
MR(78-115 V. )(10-115 V.) 

lCR, 1CR2 (10-115 V.) 
19,;R (9~·0 V.) 
3CR (11-115 V.) 
lHCR, 3CR2 (79-115 V.) 

lCR, 1CR2 (10-115 V.) 
19CR (9-115 V.) 
5CR (75-115 V.) 
MR(78-115 V.) 

4CR (62-115 V.) 
8CR ( 64-115 V. ) 
18CR (61-115 V.) lHCR 
3CR2 (79-115 V.) 

8CR ( 64- 0 V. ) 
3CR2 (32-115 V.) 
4HCR, 2HCR, 18CR 
(61-115 V.) lHCR 

4CR (62-115 V.) 
llCR, 8CR2 (64-115 V.) 
18CR ( 61-115 V.) lHCR 
3CR2 (79-115 V.) 



CONTROL OPERATION TERMINAL HOLDING REIAY APPLICABLE REIAYS 
OR (TRANSFER ACTION) NO. - VOLTAGE AND/OR (IND. LAMP) (TERMINAL VOLTAGE) 

(SIMUIATED CH4 14-0 v. (cH4 -35,) llCR} 88R2 ( 64-0 V. ) 
LOADING COMPLETE) 3CR (34-115 V.) 

4HCR, 2HCR, 18CR (61-115 v.) 
lHCR 

AIR CHARGE-SET UP 14-115 v. 4CR 4CR ( 62-115 V.) 
SIMUIATED H2 (AIR-65) 11CR2, 14CR (64-115 V.) 

18CR (61-115 V.), lHCR 
3CR2 (79-115 V.) 

(SIMUIATED H2 14-0 v. (H2-37) 11CR2, 14CR (64-0 V.) 

LOADING COMPLETE) 3CR2 (36-115 V.) 
4HCR, 2HCR, 18CR (61-115 V.) 
lHCR 

PRESSURE INCREASE 14-115 v. 3CR2 (79-115 v.) 
-MOMENTARY PUSH 18CR (61-115 v.) ·1HCR 
BUTTON 

OXYGEN GAS 15-115 v. 6CR 18CR, 6CR (51-115 V.) 7CR 
Clll\.RGING- 2HCRJ 3HCR (50-115 V.) 
TEST MODE 3CR2 (25-115 V.) 

(OXYGEN GAS 15-0 v. 7CR 4HCR, 2.HCR 
CHARGING COMPLETE) (09-33) 3CR2 (32-115 V.) 

METHANE GAS 16-115 v. 9CR 18CR, 9CR (53-115 V.)?CR, 
CHARGING lOCR, 2HCR, 3HCR (52-115 V.) 
TEST MODE ·3CR2 (34""115 V.) 

(METHANE GAS 16-0 v. lOCR 4HCR, 2HCR 
CHARGING COMPLETE) (CH4-35) 3CR2 (34-115 V.) 

HYDROGEN GAS 17-115 v. 12CR 12CR (55-115 V.), lOCR 
CHARGING- 2HCR, 3HCR (54-115 V.) 
TEST MODE lJCR, 3CP.2 (36-115 V.) 

(HYDROGEN GAS 17-0 v. 13CR 4HCR, 2HCR 
CHARGING COMPLETE) (H'.)-37) 3CR2 (36-115 V.) 

(BIAST VALVE 18-115 v. lHCR, 2H::!R, 14CR 
OPEN-SET UP) 

(BIAST VALVE 18-1i5 v. lHCR, 2HCR, 13CR 
OPEN-TEST) (37-o v.) 

(BIAST VALVE 18-0 v. 15CR2 ON 14CR lHCR, 2HCR, 14CR, 4HCR 
CLOSED-SET UP) DURING IGNITION ALSO 15CR, 15CR2 

SEQUENC:E DURING IGNITION SEQUENCE 

TABLE 4.1 CONT'D. 
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CONTROL OPERATION TERMINAL HOLDING RELA.Y APPLICABLE RELAYS 
OR ('TRANSFER ACTION) NO • - VOLTAGE AND/OR -(IND. IAMP) (TERMINAL VOLTAGE) 

(BLAST VALVE 18-0 V. 15CR2 ON 13CR lHCR, 2HCR, 13CR 
CLOSED-TEST) DURING IGNITION (37-115 V.), 4HCR 

SEQUENCE ALSO 15CR, 15CR2 DURING 
IGNITION SEQUENCE 

IGNITION SEQUENCE '56-115 v. 15CR 5TD, 14CR, 15CR (59-115 V.) 
START-SET UP (IGNITION SEQUENCE 16CR (58-115 V.), 3CR, 

START-56) 3cR2 (4-115 v.)(6-115 v.) 

IGNITION SEQUENCE 56-115 v. 15CR 5TD, 13CR, 15CR (59-115 V.) 
START-TEST (IGNITION SEQUENCE 16CR (58-115 V.), 3CR, 

START-56) 3CR2 (4-115 V.)(6-115 V.) 

(AUDIO WARNING 3-115 v. AS EITHER OF PREVIOUS 
-10 SEC.) 'IWO CONTROL FUNCTIONS 

PLUS 2TD 

(IGNITION VOLTAGE 2-115 v. 15CR2 15CR, 15CR2, 
-10 SEC . AFTER 13TD, 4TD 
15 SEC. DELAY) 
SET UP OR TEST 
AFTER START 

(IGNITION SEQUENCE 58-0 v. 16CR lHCR, 2HCR (39-115 V.) 
COMPLETE) (IGNITION SEQUENCE 4TD, 15CR, 15CR2, 
4o SEC . AFTER COMPLETE- 57) 16CR (57-115 V.) 
START-SET UP 3CR2 ( 4-115 V. ) 

(IGNITION SEQUENCE 58-0 v. ·16CR 5CR3 (28-115 V.) 
COMPLETE) (IGNITION SEQUENCE 4TD, 15CR2, 
40 SEC • AFTER COMPLETE-57) 16CR (57-115 V.) 
START-TEST 

(IGNITION SEQUENCE 58-0 v. 16CR lTD-3 (28-115 V.) 
COMPLETE) DURING (IGNITION SEQUENCE 15CR2, 
30 SEC • PERIOD COMPLETE- 57) 16CR (57-115 V.) 
AFTER STOP PROGRAM 
TUBE VENT-TEST 

(DETONATION SENSOR) 29-115 v. 17CR 5CR3 (28-115 V.) 
15 SEC. AFTER START (DE TON.A. TION OR lTD-3 (28-115 V.) 
AND UNTIL IGNITION SENSOR-29) 
SEQUENCE COMPLETE 
LIGHT EXTINGUISHES 
TEST 

-

TABLE 4.i CONT'D. 
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APPENDIX A 

ERROR IN SHOCK TUBE LOADING 

This section includes a sample calculation to determine the effect of 

gas loading error on the detonation and peak reflected pressures. 

Assume a binary mixture of oxygen and methane in a mole ratio of 2:1, 

and also assume initial fill pressure is to 1 atmosphere. The partial 

pressures of oxygen and methane are then 9.8 psia and 4.9 psia, respectively. 

If no error ocurred in gas loading, the precise detonation pressure 

ratio expected would be as shown in Figure 2.2 or in Table 2.2, 

The detonation pressure is, therefore, 433.5 psia and the peak reflected 

pressure expected is 433.5 psia x 2.6 or 1127 psia. If the gas loading is 

accomplished within an accuracy of ..! 1 12sia, the maximum errors that couLd 

be incurred would be calculated as follows 

Po 
2/PCH 

4 
= 9.8 psia + 1 psia = 

4.9 psia - 1 psia 2.77 

The detonation pressure ratio for this mole ratio may be found ei.ther in 

Figure 2.2 or by interpolation in Table 2.2 

The resulting detonation pressure error is then 

= 433.5 psia - 395.3 psia 
433.5 psia = 8.8 % low 
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Similarly 

and the error is 

Po 
2/PCH 

4 
= 9.8 psia - 1 psia 

4.9 psia + 1 psia 

PD/P = 31.45 
0 

= 433.5 psia - 462.3 psia = 
ED 433,5 psia 

= 1.49 

6.6 % high 
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APPENDIX C 

EVACUATION TIME FOR A KDH-80 VACUUM PUMP 

Using a standard pneumatic pump formula 

t 

Where t evacuation time, in minutes 

v system volume, in cubic feet 

FA= pump-down factor, non-dimensional 

D = pump displacement, in cubic feet per minute 

In the case of the 1500 psi Dynamic Load Simulator, 

V = 500 cubic feet 

FA= 4@ 29 inches of mercury 

D = 75 standard cubic feet per minute @ 29 

inches of mercury 

Upon substitution, t becomes 26.6 minutes. 

PIPING DIAMETim FOR VACUUM MANIFOLDING 

Using a standard pneumatic formula 

d [ 
1.9 DLl 
1000 ~ 
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where d pipe diameter, in inches 

D = pump displacement, in cubic feet per minute 

1 = length of connecting pipe, in feet 

P pressure drop, in Torr. 

In the case of the 1500 psi Dynamic Load Simulator, 

D = 75 standard cubic feet per minute 

1 = 35 feet 

P 5 Torr. (Operating pressure = 25 Torr., Allowable 
P = 20 percent of operating pressure) 

Upon substitution, d becomes 1 inch. 
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Test Director (TD) 

APPENDIX D 

1500 PSI DYNAMIC LOAD SIMULATOR 

- CHECK LIST -

Test Conductor (TC) 

Each following blank in this check list must be filled in (enter N/A where not 
applicable) by the Test Director who determines the theoretical test parameters. The 
test conductor is responsible for entering the actual test parameters. 

SET UP 

1. GAS SELECTOR 

Switch Setting theoretical 

actual 

2. TUBE EVACUATION 

Vacuum pressure switch setting theoretical 28.0 

actual 

Final vacuum reading& meter 

gage 

3. OXYGEN LOADING 

Oxygen pressure switch setting theoretical 14.0 

actual 

Final oxygen readings meter 

gage 

OENEJ:lAL AMERICAN RESEARCH OIVIOION 

s 

I 
in. Hg 

in. Hg 

psi a-

in. Hg 

(in. H8) 
psig 
in. Hg 
psig 

psi a 
in. Hg 
psi a 

(TD) 

(TC) 

(TD) 

(TC) 

(TC) 

(TC) 

(TD) 

(TC) 

(TC) 

(TC) 



SET UP TEST 

4. METHANE LOADING 
(in. HfU 

Methane pressure switch setting theoretical psig (TD) 
in. Hg 

actual psig (TC) 

Final methane readings meter psi a (TC) 
in. Hg 

gage psig (TC) 
~n. Hg) 

(TC) 5. Hydrogen pressure switch theoretical psig 
setting in. Hg 

actual psig (TC) 

Final hydrogen readings meter psi a (TC) 
in. Hg 

gage ~(TC) 
H 

6. OVERCHARGE PRESSURE SWITCH theoretical psig (TD) 
in. Hg 

SETTING actual psig (TC) 

7. DETONATION SENSOR SWITCH theoretical psie. (TD) 

SETTING actual psi a (TC) 

8. INITIAL PRESSURE OF GAS theoretical psia (TD) 
MIXTURE 

actual psia- (TG) 

9. MOLE RATIO ( o
2

/FUEL theoretical (TD) 

actual (TC) 

10. FUEL RATIO ( CH11fl!J theoretical (TD) 

actual (TC) 

11. DETONATION yes (TC) 

no (TC) 
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